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DEMONSTRATION OF IMMUNE COMPLEXES IN SPONTANEOUS AND 
HISTAMINE-INDUCED LESIONS AND IN NORMAL SKIN OF PATIENTS 
WITH LEUKOCYTOCLASTIC ANGIITIS 
IRWIN M. BRAVERMAN, M.D., AND AGNES YEN, B.S., M.S. 
Department of Dermatology, Yale University School of Medicine, New Haven, Connecticut 
Clinical and laboratory observations have strongly suggested that leukocytoclastic angiitis 
is an immune complex disease. Since immune complexes can be visualized as electron-dense 
deposits by electron microscopy (EM), this method was used in conjunction with direct 
immunofluorescence (IF) to determine whether complexes could be demonstrated in 
spontaneous lesions, and in uninvolved skin in which the vessels were made permeable by the 
local injection of histamine. 
Histamine-induced wheals were produced in the uninvolved skin of patients with active 
angiitis. In the resulting wheal, EM studies revealed electron-dense deposits characteristic of 
immune complexes in postcapillary venules and direct IF studies demonstrated complement 
and immunoglobulins in the vessel walls. Neutrophils in varying stages of disintegration were 
present thereby reproducing the histopathologic changes of spontaneous lesions. EM and IF 
studies of non manipulated uninvolved skin also revealed electron-dense deposits and 
immune reactants in the vessel walls. Neutrophils were not present, however. This 
observation indicates that immune complexes are deposited in vessels before tissue damage 
ensues. 
Study of spontaneous lesions older than 24 hr revealed only fibrin by EM and no immune 
reactants by direct IF. In spontaneous lesions less than 24 hr old, electron-dense deposits and 
fibrin were seen by EM, and complement and immunoglobulins by IF. 
Histamine-induced wheals should be a useful device to investigate patients with disorders 
that have an immune complex pathogenesis. 
Leukocytoclastic (small-vessel) angiitis is the 
commonest type of angiitis occurring in man. 
Synonyms for this entity include hypersensitivity 
angiitis, microscopic periarteritis nodosa, ana-
phylactoid purpura, nodular dermal allergid, ar-
teriolitis allergic a, and monopenta symptom com-
plex. This entity has long been considered to have 
an underlying immunologic mechanism because of 
associated clinical and laboratory findings [1 J. The 
histology of the cutaneous lesions resembles the 
Arthus reaction and experimental serum sickness, 
and the demonstration of immunoglobulins and 
complement in some cutaneous lesions by direct 
immunofluorescent (IF) methods [2,3 J suggests 
that the most likely immunologic mechanism is 
the deposition of circulating immune complexes in 
vascular walls with initiation of complement-me-
diated and neutrophil-mediated tissue injury [4 J. 
Not all investigators have been successful in 
demonstrating: immunoglobulins and complement 
in spontaneous lesions, probably because the age of 
the lesion was not considered. Cochrane, Weigle, 
and Dixon [5 J showed in the Arthus reaction and 
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following the intradermal injection of antigen-an-
tibody complexes in animals that the immunoglob-
ulins and complement became undetectable 
within 24 to 48 hr. Cream, Bryceson, and Ryder 16 J 
have recently reemphasized this point. Cochrane 
also showed that in experimental serum sickness 
the circulating soluble immune complexes gained 
entry into the vessel wall through increased vascu-
lar permeability produced by histamine [7,8 J. 
The study of early spontaneous angiitic lesions 
by electron microscopy (EM) should help deter-
mine whether small-vessel angiitis is an immune 
complex disease because the immune reactants are 
electron-dense amorphous masses that have a 
characteristic appearance [9]. Initially in our stud-
ies' only spontaneous lesions older than 24 hr were 
available for study and they proved to be negative 
for the presence of immune complexes when exam-
ined by EM and direct IF techniques. Because 
early lesions were not available for study, hista-
mine was injected intradermally into the clinically 
uninvolved forearm skin of patients with active 
angiitis in order to increase vascular permeability 
locally to trap circulating: complexes. This report 
describes this technique and its successful applica-
tion. 
MATERIALS AND METHODS 
Sixteen patients with clinically and histologically 
typical leukocytoclastic angiitis were studied_ In 4 pa-
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tients the vasculitis was associated with systemic lupus 
erythematosus (SLE); in 1, with a drug reaction; in 2, 
with chronic bacteremia; and in 9, the vasculitis was of 
unknown etiology. All patients were studied while the 
angiitis was considered to be active or within 1 to 2 days 
following the appearance of the last cutaneous lesion. 
One patient with SLE also had a renal biopsy and the 
(EM) studies of the kidney were made available to us by 
Dr. Michael Kashkarian of the Yale University Depart· 
ment of Pathology. 
Histamine phosphate (Eli Lilly and Co., Indianapolis) 
was injected intradermally into the flexor surface of the 
uninvolved forearms of patients. The amount injected 
was 0.05 ml of either a 1 mg/ml of 0.1 mg/ml concentra· 
tion of the commercially available preparations. No 
differences were noted between the two concentrations. 
The resulting wheal was outlined in its greatest diameter, 
and 3 to 4 hr later was biopsied either in the center or 
along the border away from the point of injection. For 
controls, 0.05 ml of physiologic saline was injected 
intradermally at another spot on the forearm and a 
biopsy was similarly performed 3 to 4 hr later. In 5 
subjects, uninvolved forearm skin which had not been 
manipulated was also studied. As additional controls, 4 
healthy volunteers were injected in an identical manner 
with histamine and their forearm skin was similarly 
examined. The following disorders were also studied in 
this fashion: erythema multiforme (4 cases), lym-
phomatoid papulosis (1 case), atopic dermatitis (J case), 
and relapsing polychondritis with cutaneous ulceration (1 
case). 
Skin biopsy was performed with a 3-mm or 4-mm 
punch after a ring of anesthesia (1%) lidocaine without 
epinephrine) was placed around the chosen site. Material 
for examination by EM was fixed in half-strength Kar-
novsky's fixative and embedded in Spurr's epoxy resin. 
Details of the EM procedures have been described 
previously (10). Specimens were also examined for the 
presence of human IgG, IgM, IgA, and C3 (lllC/IHA) by 
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direct IF. Monospecific reagents were obtained from 
Hyland Laboratories, Costa Mesa, California. The anti-
sera were shown to be monospecific by immunoelectro-
phoresis as performed by the manufacturer and by 
ourselves. The specific antibody concentration of the 
antisera, determined by reverse radial immunodiffusion, 
was reported by the manufacturer to be as follows: 
anti-IgG, 2.5 mg/ml; anti-IgM, 1.7 mg/ml; anti-IgA, 2.4 
mg/ml; and anti-lnC/~lA, 2.0 mg/ml. As controls for the 
direct IF tests, non-fluorescein-conjugated goat antihu-
man antisera were used as blocking agents. 
The cryostat-cut tissue sections were air dried before 
being overlaid for 30 min with each antiserum in a Petri 
dish having a moist atmosphere at room temperature. 
Sections were washed with phosphate-buffered saline 
(pH 7.2) for 15 min after the applicatiun uf each 
antiserum before viewing with a Lietz microscope 
equipped with a HBO-200 UV light source. 
In some patients individual skin biopsies had to be 
divided for EM and IF studies, but in others separate 
biopsies for EM and IF studies were available. 
During the course of these experiments, 3 patients 
developed cutaneous angiitic lesions which were biopsied 
approximately 18 to 24 hr after their appearance and 
examined by EM and IF techniques. 
These studies were approved by the Human Investiga-
tion Committee at Yale Medical School. 
RESULTS 
Table I summarizes the various procedures car-
ried out in the 16 subjects. The sites and methods 
of study in each patient are listed and the results 
indicated. 
General Observations 
The histamine-induced wheal persisted for 45 to 
120 min. In 1 of 13 subjects, several petechiae 
TABLE l. Results of EM and IF studies 
Histamine Saline Nonmanipulated Clinical 
Patient Diagnosis wheal site skine lesion 
EM" IF' EM IF EM IF EM IF 
P.LaR. Angiitis, idiopathic +N + 
E.R. Angiitis, idiopathic +N,F + 
S.M. Angiitis, idiopathic - - - - - -
F.A. Angiitis, lupus erythematosus +N, F + + + + 
C.McG. Angiitis, idiopathic - - -
As.B. Angiitis, drug react ion +N,F + + 
R.M. Angiitis, idiopathic +N + + + + 
An.B. Angiitis, chronic renal disease +N 
I 
-
D.McM. Angiitis, idiopathic - -
H.M. Infected prosthetic aortic valve +N, F + 
G.O'B. Angiitis, nephrotic syndrome +N -
D.M. Angiitis, lupus erythematosus +N + 
E.M. Angiitis, lupus erythematosus - -
RW. Infected aortic graft +N, F + 
A.R. Angiitis, lupus erythematosus +N, F + 
D.S. Angiitis, idiopathic +N, F + 
a EM + indicates electron-dense deposits found by electron microscopy. Presence of neutrophils and fibrin in the 
lesions is indicated by Nand F, respectively . 
• IF + indicates immunoglobulins and complement found by immunofluorescence. 
Blank spaces indicate examinations not done. 
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developed in the hive. None of the other patients 
developed purpura in t he induced wheal. 
Electron Microscopical Obserl'atiol1S 
The wheal. Specimens from 9 of J:l subjects 
showed amorphous electron-dense deposits charm·-
teristic of immune complexes. The vessels in the 
upper third of the dermis were chieny affected and 
they all had the ultrastructural features of post-
capillary venules. The arterial side of the microcir-
culation was not observed to be involved. Clumps 
of electron-dense deposits were (Cllllld between 
endothelial cells and pericytes within the base-
ment membrane of these post capillary venules. 
The deposits were (ilUnd most often along the 
internal aspect of the basement membrane. but in 
instances where t here was considerable deposit ion 
the deposits were also present in the mid and 
external aspects (Figs. I-:ll. The electron-dense 
deIX)sits varied in amount from patient to patient 
and from vessel to vessel in t he same specimen. 
Not every venule was involved in each sect ion. 
Usuall.v the deposits were plentiful and easy to 
find. but in some specimens considerable searching 
was required to locate a deposit. None of the 
electron-dense deposits had the fibrillar appear-
ance characteristic of fibrin (Fig. :1. inset). 
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Neutrophils were seen in all locations: within 
lumina. between endothelial cells. within the vas-
cular walL and in the perivascular tissue. Some 
neutrophils were intact while others displayed 
varying degrees of disintegration corresponding to 
the light microscopical picture of leukocytoclasis 
(Fig. 4). Neutrophils containing amorphous elec-
tron-dense material within cytoplasmic vacuoles 
were present within the \·ascular wall and in the 
perivascular space (Fig. :2, inset). The cytoplasmic 
inclusions were interpreted as phagocytized im-
mune complexes. Neutrophils were present in a\l9 
lesions in which electron-dense deposits were seen. 
In tl10 9 subjects wit h positive hiopsy specimens, 
fibrin was found in 4 and only in t he surrounding 
perivascular tissue (Fig. 1). The amount offibrin in 
the histamine wheals was very small when COIll-
pared wit h the deposition in spontaneous angiit ic 
lesions. 
Control sites. The control biopsies consisted of 
specimens obt ained from clinicall~· uninvolved 
forearm skin which had eit her been previously 
injected with physiologic saline or had not been 
manipulated in any wa~·. In fi of '/ specimens, 
electron-dense material was found in sites identi-
cal to t hose in the hist amine wheal. However. 
neutrophils and fibrin were 11E'\·er observed and the 
amount of elect ron-dense material appeared to be 
less than in the histamine wheal. 
FIG.!. Histamine wheal. Electron-dense deposits (D) are present in vessel wall between endothelial cell (E) and 
pericytes (P). Clumps of fibrin (F) are present in perivascular area. Neutrophils (N). (x 6,840). 
FIG. 2. Histamine wheal. Electron-dense deposits Wl. Endothelial cell (E). Pericyte (P), (x 44,8001. Inset shows 
neutrophil from immediately adjacent perivascular space containing presumed phagocytosed complexes in c}'toplas-
mic vacuoles (x 13,000). 
FIG. 3. Histamine wheal. Electron-dense deposits (D) are present in endothelial cell gap (E-E) along with portion 
of neutrophil (N) identified by its granule. Deposit is dense and amorphous. Lumen (L), pericyte (P), (x 14,630). Inset 
shows fibrillar nature of fibrin (x 21,5001. 
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FIG. 4. Histamine wheal. Note neutrophils U"'~ in passage through vessel walL l"eutrophils in varying stages of 
disintegration corresponding to leukocytoclasis of light microscopy in perivascular space. Lumen (Ll, neutrophilic 
granules (0). pericyte tPl, (x 7,4001. 
FIG. 5. Histamine wheaL Patient F.A. Immunofluo-
rescent staining demonstrating IgG in vessels. Staining 
for C3 showed identical pattern (" 242). 
Immunofluorescent Studies 
The wheal. In 4 of 9 specimens tested, the vessels 
in the upper third of the dermis were posit ive for 
immunoglobulins and complement (Fig. 5). Table 
II shows the immune reactants that were found in 
each biopsy. 
TABLE II. Results of immunofluorescent studies 
Histamine ,,,.'heal Clinical lesion 
2'\ame 
IgM I IgA IgAI IgG C3 \gG IgM 
RM. + + 
FA + 
D.M. + + 
H.M. 
RW. T 
i- indicates presence by immunofluorescence. 
- indicates absence by immunofluorescence. 
C3 
Control sites. In :2 of :3 control specimens tested, 
immunoglobulins and complement were found in 
the vessels in nonmanipulated skin. The immune 
reactants were identical to those in the histamine-
induced lesions in each patient. Electron micros-
copy showed that electron -dense deposits were 
present within the vascular walls, but neutrophils 
and fibrin were absent. 
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Spontaneous clinical lesions. In pilot studies 
spontaneous angiitis lesions (24 to 72 hr old) in 6 
patients had been examined by EM and IF 
methods. None showed electron-dense deposits or 
immune reactants bv these techniques. Light and 
electron microscopy' disclosed only fibrin deposi-
tion and neutrophils in various stages of disintegra-
tion within the vessel walls and perivascular space. 
Thromboses were not seen. 
During the course of the experiments, 3 patients 
(R.W., A.R., and D.S.) de\'e]oped angiitic lesions 
that were examined 18 to 24 hr after their appear-
ance. Examinat ion of these lesions revealed elec-
tron-dense deposits and immune reactants in the 
vessels bj' EM and IF techniques. respectively. The 
striking difference between the spontaneous lesions 
and the histamine wheals was the massive amount 
of fibrin deposition in and around the walls of the 
vessel (Fig. 61. The electron·dense deposits were 
not as easilv found as in the histamine wheal. 
perhaps bec~use of masking by fibrin deposition 
and partial removal by neutrophils. Platelet 
clumping in the lumina was not seen. 
One patient in this study \F.A.I was a 45·year-
old woman with systemic lupus erythematosus 
(SLE) whose major problem was recurrent. culane· 
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ous, small-vessel angntls {C)f 6 '., years betc)re 
developing memhranlJUs glomerulonephrit is. Stud-
ies revealed electron-dense material and immune 
reactants in the vessels in both histamine wheals 
and uninvolved skin. In some areas the electron-
dense deposits had the usual amorphous appear-
ance, but in others they consisted of parallel dark 
bands arranged in straight lines or curves, produc· 
ing a crystalloid appearance (Fig. fa). Percutane· 
ous biopsy of her kidney revealed identical·appear-
ing deposits by electron microscopy (Fig. 7 b). 
Figure 8 shows in more detail the merging of the 
amorphous deposit with the crystalloid pattern. 
Other controls. Specimens from 4 healthy volun-
teers who received intradermal injections of hista-
mine did not show electron-dense deposits, fibrin. 
neutrophilic infiltration, or immune reactants by 
EM and IF methods. The patients with erythema 
multij()rme. lymphomatoid papulosis, polychon-
dritis. and atopic dermatitis also failed to show 
these abnormalities. 
DISCUSSJOi\ 
This study provides further evidence that leu· 
kocytoclastic angiitis is an immune complex dis-
ease. Immune reactants have been demonstrated 
FrG. 6. Spontaneous lesion less than 24 hr old. Electron-dense deposit (arrrnL"l. Massive fibrin (F) deposition in wall 
and surrounding perivascular space. Lumen ILl, erythrocyte (R), neutrophil (N), pericyte (P). endothelial cell (E), 
I x 6,840). Inset shows higher· power view of electron-dense deposit (x 37.250). 
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YIG. 7. Histamine wheal. Patient F.A. a: crystalloid 
appearance of immune complex WI. Endotheliaf cell (E), 
basement membrane of vessel wall (B). (" 95.550L b: 
Cr~'stailoid complex in basement rnemhrane of renal 
~lomeru!us of patient F. A. Amorphous deposits (DI. (A 
60.2001. 
FIG. 8. Histamine wheal. Patient F. A. Higher-power 
view of cr:vstalloid immune complex. "Kote merging "with 
amorphous portion of deposit (arrow) (,: 32.725). 
by EM and direct IF techniques in spontaneous 
skin lesimls less than 24 hr old and in vessels of 
uninvolved skin made permeable by the local 
injection of histamine. In the latter situation. the 
histopathologic changes of the spontaneous angi-
itic lesion have been reproduced. The demonstra-
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tion of immune complexes without accompanying 
neutrophils or fibrin in the uninvolved skin of 
patients with active angiit is is evidence that they 
play a primary role in the subsequent t.issue 
damage and that they are not deposited secondar-
ily after the damage ensues. Sams. Claman. and 
Kohler Ill] have also /(Jund immune reactants in 
uninvolved skin of patients with angiitis by direct 
IF teehniques. 
The crystalloid deposits resembling fingerprints 
have been described previously in the renal glo-
merular and skin lesions of patients with SLE 
[12Ylj. The intimate associatiDn between the 
crystalloid deposits and the amorphous electron-
dense deposits in the skin and renal lesions of 
patient F.A. strongly suggests that. the former are 
highly organized immune complexes. 
By the intradermal injection of histamine it has 
been possible to reproduce the histopathologic 
findings of the spontaneous lesion in aU respects 
and severit,·. except for the mass ive deposition of 
fibrin. This suggests that fibrin deposition is a 
secondary event and not an important initiator of 
the tissue damage as has been suggested [14 J. On 
the basis of studying spontaneous lesions. it ap-
pears that fibrinoid in leukocytoclastic angiitis 
represents heavy deposition of fibrin. 
Electron-dense deposits without accompanying 
neutrophils or fibrin were present in the non-
manipulated normal skin of many of our patients. 
The histamine-induced lesions appeared to con-
tain more deposits as well as neutrophils and small 
amounts of fibrin. thereby reproducing the diag-
nostic features of the spontaneous lesions. It is 
possible that a thresbold mass of complexes must 
be present in the vessel wall before complement. 
mediated and neutrophil-mediated tissue injury 
can be initiated. Intradermal histamine may allow 
enough circulating complexes to accumulate in 
the vessel wall to exceed the threshold and initiate 
this process. 
The only segment oflhe cutaneous microcircula-
tion affected in leukocYlOdastic angiitis is the 
post capillary venule. ):\0 evidence was found for 
involvement of the arterial limb. The major differ-
ence between leukocytoclastic angiit is and classic 
periarteritis nodosa. periarterit is associated with 
drug abuse. and periarteritis nodosa associated 
with chronic Australia antigenemia is that arteries 
are chieny affected in the latter. In periarteritis 
nodosa associated with chronic Australia an-
tigenemia. all components of the immune 
complex-Australia antigen. complement. and 
IgM-have been demonstrated in the angiitic Ie-
sioll !151. The basis for the predeleclion of immune 
complexes for one segment of the circulatory bed 
over an()ther is not understood. 
In the art eritis of experimental serum sickness in 
the rabbit. the vessels are initially made permeable 
for the entry of circulating immune complexes by 
release of histamine from aggregated platelets 116]. 
In man. serotonin released from platelets could 
serve the same function [17). It was hoped that the 
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study of early spontaneous lesions might reveal 
comparable findings in human angiitis. Although 
the 18 to 24 hr lesions were early enough for the 
detection of immune complexes by EM and IF 
techniques, they were probably too old for the 
detection of possible platelet aggregation. 
Spontaneous angiitic lesions continue to have 
the diagnostic features of leukocytoclasis and fi-
brinoid for several days after immune complexes 
are no longer present. This is best explained by 
neutrophil chemotaxis which may become self-per-
petuating for a time. Neutrophilic proteases have 
been discovered which cleave chemotactic frag-
ments from complement factors C3 and C5. As 
newly arriving neutrophils die they could release 
prot eases that would generate additional chemo-
tactic factors that would attract neutrophils to the 
site of the angiitic lesion. Human neutrophils 
contain a protease that can cleave a chemotacticly 
active fragment from C3 [18]. 
The device of a histamine-induced wheal studied 
by EM and IF techniques should be useful in 
investigating patients with chronic renal disease 
and other disorders in which circulating immune 
complexes may playa primary role. This procedure 
should be especially helpful in the study of the 
other angiitides: Wegener's granulomatosis, peri. 
arteritis nodosa, temporal arteritis, and allergic 
granulomatosis of Churg and Strauss. 
Leukocytoclastic angiitis is relatively easily di-
agnosed because of the associated spectrum of 
characteristic cutaneous eruptions and distinctive 
histopathologic changes [1]. Attempts to subdivide 
this entity to various specific diseases on the basis 
of the types of skin lesions and internal-organ 
involvement have not proved to be useful. It seems 
more productive to view this entity as a sign of an 
underlying pathogenetic mechanism in an individ-
ual patient, rather than as specific diseases. 
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